Abstract
INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common malignant tumors worldwide [1, 2] . The diagnosis of HCC mainly depends on imaging studies, including ultrasonography, computed tomography, magnetic resonance imaging, etc [3] . Although there are many diagnostic imaging modalities for HCC, early diagnosis remains a challenge [4] . Hyperspectral analysis has emerged as a promising diagnostic modality in recent years [5, 6] . The principle of hyperspectral imaging is to acquire 2D spatial images in hundreds of contiguous bands of high-spectral resolution, including the ultraviolet, visible, and near-infrared bands. Therefore, hyperspectral imaging can yield more diagnostic information, not only in the visible wavelength region, but also in the ultraviolet and near-infrared wavelength regions. This feature makes it possible to discriminate normal tissue from tumor tissue. Until now, hyperspectral analysis has been applied to the diagnoses of skin cancer and prostate carcinoma [7, 8] . To the best of our knowledge, there are few reports about hyperspectral analysis for HCC. In this study, we evaluated the feasibility of hyperspectral analysis for the discrimination of rabbit VX2 liver tumor from normal liver tissue.
MATERIALS AND METHODS

Animal model establishment
The animal experimental protocol was approved by the Institutional Animal Care and Use Committee of the Chinese PLA General Hospital, Beijing, China, and was conducted in accordance with the animal experimental guidelines set by Chinese PLA Medical College. A total of six 12-mo-old male New Zealand white rabbits, weighing approximately 2.5 kg, were purchased from the Experimental Animal Center of the Hospital.
Frozen VX2 tumor cells were provided by the Orthopedic Laboratory of the Hospital. The cells were resuscitated by general cell culture technique [9, 10] and centrifuged for 5 min (800 r/min; g = 9.80665 m/s 2 ). After removing the supernatant, phosphate buffered saline was added and cells were centrifuged again for 5 min. The The other five rabbits were not permitted any food 12 h prior to surgery. Following general anesthesia by pentobarbital sodium (30 mg/kg) administered via the marginal ear vein, a 1-cm long surgical incision was made in the upper abdominal wall aseptically. Subsequently, the left lobe of the liver was exposed and a 5-mm deep tunnel was formed on the surface. The prepared tumor fragment was implanted into the tunnel, followed by blocking of the tunnel with Gelfoam (Xiang'en Medical Technology Development Co., LTD). After tumor implantation, the abdominal wall was closed by suture. Rabbits were administered penicillin G (100000 U; Lu Kang Medical Corp., China) twice daily for 3 d after tumor implantation. Enhanced computed tomography was performed 2 wk after implantation to confirm successful establishment of the model (Figure 1 ).
Hyperspectral analysis
VX2 tumor model was successfully established in all five rabbits, and then hyperspectral analysis was performed to identify tumor tissue and normal liver tissue. After laparotomy and under direct view, VX2 tumor tissue and normal liver tissue were subjected to hyperspectral analysis. The spectrometer used was a commercially available high-resolution spectrometer, Fieldspec 4 model (Analytical Spectral Devices, Boulder, CO, United States). The working waveband of this spectrometer was 350-2500 nm with a high spectral resolution of 3 nm at 700 nm. A halogen light with a power of 5 W was used as the illuminating light source. The output light was collimated with an optical collimating lens to achieve a relative uniform circle light spot with a diameter of approximate 5 mm.
The optical spectrum testing of the samples was conducted by following the steps below. First, a white board that is a perfectly diffused surface was used to calibrate the maximum reflectance within the span of the working waveband (350-2500 nm). The reflectance of the rabbit liver had to be referred to this maximum reflection. In this step, the integration time of the detector was also optimized and the dark current was also tested. After white reference calibration, the light was illuminated onto the liver tissue of the rabbit to capture its reflective spectrum. Because the tumor tissue was > 5 mm in diameter, the collimated light spot fell onto the tumor area, which ensured that a pure spectrum of the tumor could be obtained. Figure 2 shows the tested spectra of the normal and tumor tissues of rabbits, as well as the image of the liver tumor captured by a digital camera. Rabbits were sacrificed following hyperspectral analysis, and VX2 liver tumors were harvested for pathology examination as a gold standard for comparison ( Figure 3 ). Figure 2 shows a comparison of the reflective spectra of the normal and tumor tissues of the rabbit livers. There were 15 spectral lines for normal and tumor issues each. The average amplitudes of the spectral curves were different, which was caused by two reasons: (1) the tissue distribution was not uniform, especially for tumor tissues. Because the light spot falling onto the tissue surface might not have been at the same place for each test at different times, the total reflectance might have changed; and (2) there could have been blood leaking from the tissue during the test, and as a result the light absorbance from the tissue could have been different. This would have led to the change in average amplitude of the reflectance. However, these variables can be eliminated if the experimental conditions can be controlled carefully. Although there were different amplitudes between the spectral curves, the whole profiles for either normal or tumor tissue were consistent and the spectral signatures were distinct for both cases. In general, the spectral profiles for the two cases were different at the wavelength of 600-900 nm, but were similar at 1000-1800 nm and showed no obvious difference in spectral signature. Specifically, two absorption peaks at the wavelength of 600-900 nm in normal tissue disappeared but a new reflection peak appeared in the tumor tissue (Figure 4 ). The first absorption peak was at 650 nm for normal tissues, while for tumor tissues there was no obvious absorption peak at this wavelength, and the spectral curve showed a smoothly rising trend. The second absorption peak for normal tissues was at 757 nm, while the tumor tissues showed no absorption peak but a smooth and continuous drop around this wavelength. The most significant signature for tumor tissue was that there was a reflection peak at 700 nm, while the normal tissue did not have this signature but showed a roughly linear rising trend. These distinct spectral signatures can be used to discriminate tumor tissues from normal tissues.
RESULTS
Spectra profiles for normal and tumor tissue
Significant different spectral signature between tumor and normal tissue
DISCUSSION
Currently, pathology is the gold standard for tumor diagnosis; however, tissue samples are obtained after biopsy or surgical removal, and histopathology results for the final diagnosis of a suspected tumor may take several days [11] . Hyperspectral analysis can capture both the spatial and spectral information of tissue in one snapshot, which could distinguish between tumor and normal tissue [12] . Hyperspectral analysis may be a powerful tool for tissue analysis with many advantages, including rapidity and no ionizing radiation and contrast agents [13] . In this study, we used a VX2 carcinoma model to perform hyperspectral analysis for two reasons. First, the main blood supply from the hepatic artery and the rapid growth demonstrated by the hepatic VX2 carcinoma model are similar to the characteristics of human HCC [14] . Second, the VX2 tumor is homogeneous and its spectral analysis is simple [15] . The results of this study confirm that hyperspectral analysis can accurately distinguish VX2 tumor and normal tissues.
Because hyperspectral analysis is not penetrable, previous research on diagnosis has mainly focused on superficial tissue and establishment of the tumor margin during surgery [16, 17] . The development of interventional medicine provides another potential application for hyperspectral analysis. We can reach deeper organs with minimal invasion by percutaneous approach, and a millimeter-level optical fiber can be introduced into the deep tissue, such as the liver, to obtain reflecting hyperspectral signals or images. Compared with the hyperspectral features of tumors obtained in previous studies, we could judge the characteristics of the region of interest. With the accumulation of different hyperspectral features of different tumors [18] , real-time diagnosis of tumors can be achieved in the future.
Hyperspectral imaging is possible for cell level analysis [19] , which provides a new direction for our analysis of tumor heterogeneity. Tumor heterogeneity is important for treatment choice and prognostic analysis. However, the methods for analysis of heterogeneity currently used in the clinical cannot be used for large-scale heterogeneity analysis because of the limitations of the sample. By hyperspectral analysis, many tissue areas can be evaluated simultaneously [20] , which is beneficial to the analysis of tumor heterogeneity. For deep tumors, we can use the means described earlier to establish a channel through percutaneous puncture of the tumor to detect the tumor cell heterogeneity in the channel and to provide a reference for the choice of treatment and assessment of prognosis.
The results of this study have demonstrated that hyperspectral analysis could discriminate rabbit VX2 liver tumor from normal tissue. There were 15 spectral lines each for normal and tumor issues. In general, the spectral profiles for the two cases were different at the wavelength of 600-900 nm, but were similar at 1000-1800 nm.
include the small number of animals used, and we did not perform hyperspectral imaging. Further research will continue to obtain the maximum useful information that differentiates liver cancer from normal tissue. 
ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is one of the most common malignant tumors worldwide. Currently, the most accurate diagnosis imaging modality for HCC is magnetic resonance imaging. However, it is difficult to distinguish cirrhosis lesions. Hyperspectral imaging may be a novel modality as an early/fast diagnosis. To the best of our knowledge, there are few reports about hyperspectral analysis for HCC.
Research motivation
Because hyperspectral analysis is not penetrable, previous research on diagnosis has mainly focused on superficial tissue and establishment of the tumor margin during surgery. The development of interventional medicine provides another potential application for hyperspectral analysis. We can reach deeper organs with minimal invasion by a percutaneous approach, and a millimeter-level optical fiber can be introduced into the deep tissue to obtain reflecting hyperspectral signals or images. With the combination of interventional techniques and hyperspectral analysis, we want to provide a new complementary diagnostic tool for HCC.
wavelength in normal tissue disappeared in tumor tissue, but a new reflection peak appeared in the tumor tissue. The average optical reflection at the whole waveband of 400-1800 nm in liver tumor was higher than that of the normal tissue.
Research conclusions
Hyperspectral analysis can differentiate rabbit VX2 tumors from normal tissue. Further research will focus on performing hyperspectral imaging to obtain more information for differentiation of liver cancer from normal tissue.
Research perspectives
With the combination of interventional techniques and hyperspectral analysis, it is expected to bring us a novel complementary diagnostic tool for HCC. Hyperspectral analysis may be a powerful tool for HCC analysis, with many advantages, including rapidity and no ionizing radiation or contrast agents.
